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Abstract
The operative mortality rate of liver resection has decreased from 10% to 20% before the 1980s to B5% in most specialized
hepatobiliary centers nowadays. The most important factor for better outcome is reduced blood loss due to improvement in
surgical techniques. Liver transection is the most challenging part of liver resection, associated with a risk of massive
hemorrhage. Understanding the segmental anatomy of the liver and delineation of the proper transection plane using
intraoperative ultrasound are prerequisites to safe liver transection. Clamp crushing and ultrasonic dissection are the two
most widely used transection techniques. In recent years, new instruments using different types of energy for coagulation or
sealing of vessels have been developed for liver transection. These include radiofrequency devices, Harmonic Scalpel,
Ligasure and TissueLink dissecting sealer. Whether these new instruments, used alone or in combination with clamp
crushing or ultrasonic dissection, improve the safety of liver transection has not been clearly demonstrated. The use of
the vascular stapler for transection of major intrahepatic vascular trunks is also gaining popularity. These new instruments
are particularly useful in liver transection during laparoscopic liver resection. Adjunctive measures such as intermittent
Pringle maneuver and low central venous pressure anesthesia are also useful measures to reduce the risk of hemorrhage.
This article reviews the safety and efficacy of different techniques of liver transection, with particular attention to evidence
from randomized controlled trials available in the literature.
Introduction
Hepatic resection is a surgical procedure of great
challenge because of the risk of massive bleeding
during liver transection and the complicated biliary
and vascular anatomy in the liver. The history of
development of surgical techniques of liver resection
is largely a struggle against hemorrhage from liver
transection. Before the 1980s, hepatic resection was
associated with a mortality rate of 1020%, and a
common cause of operative mortality was hemor-
rhage [13]. Nowadays, the hospital mortality rate
of liver resection is 5% or lower in most specialized
centers [48]. While better patient selection in
terms of liver function reserve is an important factor
[9], reduction of blood loss and perioperative
transfusion is another major factor for improved
perioperative outcome [7,8]. Excessive hemorrhage
and perioperative blood transfusion not only increase
the risk of operative morbidity and mortality, but
also jeopardize long-term survival after resection of
liver malignancies because the associated immuno-
suppression leads to a higher risk of tumor recur-
rence [7,10]. Recent reduction in perioperative
blood transfusion after resection of hepatocellular
carcinoma has contributed to improved long-term
patient survival [11].
Finger fracture or clamp crushing has been a
standard technique for transection of liver parench-
yma. Over the past 20 years, technological advances
have led to the development of specific instruments
for liver transection, such as the ultrasonic dissector,
water jet, Harmonic Scalpel, Ligasure, and Tissue-
Link dissecting sealer. Other advances in operative
techniques have also contributed to reduction in
blood loss during liver transection. These include
better delineation of the transection plane with the
use of intraoperative ultrasound, and better inflow
and outflow control. Inflow occlusion and low central
venous pressure anesthesia have been widely used to
reduce bleeding from inflow vessels and hepatic veins
in the transection surface. This article reviews the
current techniques of liver transection and evidence
from the literature on the efficacy of different
techniques.
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Delineation of the proper transection plane
The delineation of a proper transection plane is
important not only for adequate tumor-free margin
in resection of liver tumors, but also to avoid inad-
vertent injuries to major intrahepatic vessels or bile
duct pedicles. The delineation of the transection plane
starts with critical appraisal of the preoperative con-
trast computed tomography (CT) scan to define the
relationship between a tumor and the major intrahe-
patic vessels or bile duct pedicles, which can be
further evaluated in the operation by intraoperative
ultrasound (IOUS) (Figure 1). In patients with a large
right or left lobe tumor, IOUS allows evaluation of
the relationship between the tumor and the middle
hepatic vein, and hence helps the surgeon to decide
whether extended hepatic resection is needed for
tumor clearance. Similarly, information on the rela-
tionship between the tumor and the right or left
hepatic vein or portal pedicle may influence the
decision on the type of resection and the transection
plane. Without the knowledge of the relationship
between the tumor and the major intrahepatic struc-
tures, unexpected damage to such structures can
occur during transection, leading to massive bleeding
or bile duct injuries, and sometimes tumor exposure
at the transection plane. In general, a tumor-free
margin of 1 cm is considered necessary for curative
purpose, although the exact significance of tumor
margin in hepatic resection for liver cancers, especially
hepatocellular carcinoma, remains controversial [12].
In cirrhotic patients with borderline liver function
reserve, preservation of liver parenchyma may take
priority over a wide resection margin.
IOUS plays a particularly important role in seg-
mental resection of the liver. Better understanding of
the segmental anatomy of the liver has led to a wider
practice of segmental resection, which sacrifices less
liver parenchyma compared with a formal right or left
hepatectomy, while it improves the chance of tumor
clearance compared with a non-anatomical wedge
resection [13]. IOUS allows localization of the seg-
mental portal pedicle, and some surgeons use dye
injection into the segmental portal vein to stain the
segment and more clearly delineate the transection
plane before resection [14]. Clamping of the vascular
pedicles to demonstrate the ischemic demarcation and
intrahepatic glissonian access to the biliovascular
pedicle are other techniques useful in delineation of
the transection plane for segmental resection [15,16].
Techniques of liver transection
Finger fracture/clamp crushing
Control of bleeding during transection of the liver is a
major challenge for liver surgeons. Hepatic transec-
tion is particularly difficult in cirrhotic liver due to the
fibrotic nature of liver tissue. The presence of bleed-
ing tendency in cirrhotic patients also increases the
risk of massive bleeding. The finger fracture techni-
que, which involves crushing of liver parenchyma by
fingers under inflow occlusion to isolate vessels and
bile ducts for ligation, was first introduced by Lin et
al. in 1958 [17]. This technique was subsequently
improved through the use of surgical instruments
such as a small Kelly clamp for blunt dissection
(clamp crushing) [18]. Nowadays the clamp crushing
technique is still one of the most widely used
techniques of liver transection [5,6,19].
Ultrasonic dissection
In many centers, including the author’s center, ultra-
sonic dissection using the Cavitron Ultrasonic Surgi-
cal Aspirator (CUSA, Tyco Healthcare, Mansfield,
MA, USA) has become the standard technique of
liver transection (Figure 2). With this technology, the
liver parenchyma tissue is fragmented with ultrasonic
energy and aspirated, thus exposing vascular and
ductal structures that can be ligated or clipped with
Figure 1. A hepatocellular carcinoma planned for right posterior
sectionectomy (arrow, A). Intraoperative ultrasound showed the
tumor (T) abutting the right hepatic vein (RHV) (arrow, B). A right
posterior sectionectomy including the right hepatic vein was
performed to avoid tumor exposure.
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titanium hemoclips. A previous retrospective study
from the author’s center showed that the ultrasonic
dissector resulted in lower blood loss, lower morbid-
ity, and lower mortality compared with the clamp
crushing technique [20]. Furthermore, ultrasonic
dissection resulted in a wider tumor-free margin
because of a more precise transection plane. However,
in a randomized controlled trial comparing clamp
crushing and ultrasonic dissection conducted by a
Japanese group, no significant differences in blood
loss, transection speed, tumor exposure at the surgical
margin, or postoperative morbidity were observed
[21]. Using a grading system to grade the quality of
liver transection, the group demonstrated better
quality of hepatectomy using the clamp crushing
method. However, it is noteworthy that the group is
among one of the best in terms of experience with
clamp crushing technique, which had been their
transection technique all along before the randomized
trial. The result with each transection technique is
significantly affected by the individual surgeon’s
experience with the respective technique.
Water jet
The water jet dissector employs a pressurized jet of
water instead of ultrasonic energy to fragment the liver
parenchyma tissue and expose the vascular and ductal
structures. In the only available prospective rando-
mized trial of water jet in the literature, in which 31
patients underwent liver resection using water jet and
another 30 patients underwent liver resection using
CUSA, water jet transection reduced blood loss,
blood transfusion, and transection time compared
with CUSA [22]. However, this technique has not
become as popular as CUSA. One disadvantage of
both CUSA and water jet in liver transection is the
long transection time because of the need for ligation
or clipping of individual vessels. There are also
concerns of increased risk of venous air embolism
with either CUSA or water jet technique, although
this appears to be a clinically rare problem [23,24].
Both CUSA and water jet techniques are quite good
for dissecting out major hepatic veins when tumors
are in proximity. This allows for delineation of hepatic
veins, particularly at the junction with the inferior
vena cava, and prevents positive margin.
Harmonic Scalpel
More recently, new technologies that allow sealing of
small vessels during transection of liver parenchyma
have been developed, with the aim of reducing blood
loss and transection time. These technologies can be
used alone for transection of the liver parenchyma, or
in combination with clamp crushing or CUSA. One of
these technologies is ultrasonic shear (Harmonic
Scalpel, Ethicon Endo-Surgery, Cincinnati, OH,
USA), which uses ultrasonically activated shears to
seal small vessels between the vibrating blades [25].
The blade’s longitudinal vibration with a frequency of
55.5 kHz can dissect liver parenchyma easily. The
coagulation effect is caused by protein denaturation,
which occurs as a result of destruction of the hydro-
gen bonds in proteins and generation of heat in the
vibrating tissue Blood vessels up to 23 mm in
diameter are coagulated on contact with the vibrating
blade. The tissue-cutting effect derives from a saw
mechanism in the direction of the vibrating blade.
This instrument has been used for liver transection
in both open and laparoscopic liver resections, with no
biliary leakage reported in a study of 41 patients [26].
In contrast, a recent non-randomized study that
compared Harmonic Scalpel with the conventional
clamp crushing method showed that the use of
Harmonic Scalpel was associated with a significantly
increased rate of postoperative bile leakage, raising the
concern that Harmonic Scalpel may not be effective in
sealing bile ducts [27]. The instrument may also have
a limitation in dissecting the liver parenchyma around
the main trunk of hepatic veins, since it is difficult to
achieve sufficient control of bleeding from large
vessels using the Harmonic Scalpel alone [28]. How-
ever, when combined with the use of ultrasonic
dissection, Harmonic Scalpel may reduce blood loss
[29]. This remains to be proven by a randomized trial,
which is not available in the literature yet.
While the benefit of the use of Harmonic Scalpel in
open liver resection remains uncertain, it is commonly
used in laparoscopic liver resection, especially for
resection of peripheral lesions, because of the diffi-
culty in using CUSA or water jet in the laparoscopic
setting [30]. The Harmonic Scalpel may also be
useful in transection of cirrhotic liver, for which the
clamp crushing technique may not be very effective.
Ligasure
Ligasure (Valley Lab, Tyco Healthcare, Boulder, CO,
USA) is another device designed to seal small vessels
using a different principle. By a combination of
Figure 2. Ultrasonic dissection of liver parenchyma using Cavitron
ultrasonic surgical aspirator (CUSA).
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compression pressure and bipolar radiofrequency
(RF) energy, it causes shrinkage of collagen and
elastin in the vessel wall, and it is effective in sealing
small vessels up to 7 mm in diameter (Figure 3).
Preliminary studies on the use of this device in liver
transection have demonstrated its effectiveness in
sealing intrahepatic vessels [31,32]. Similar to the
Harmonic Scalpel, there is also some concern as to its
capability to maintain seal integrity in larger bile ducts
based on an in vivo animal study [33]. In a recent
study of the use of Ligasure for liver transection in 30
patients, there was no clinical evidence of bile leakage
[34]. In that study, the instrument was effective in
liver transection in normal or near-normal liver, but
it failed to achieve hemostasis in three patients
with cirrhotic liver. A recently published randomized
controlled trial demonstrated that the use of Ligasure
in combination with a clamp crushing technique
resulted in lower blood loss and faster transection
speed in minor liver resections compared with the
conventional technique of electric cautery or ligature
for controlling vessels in the transection plane [35]. In
that study, the bile leakage rate with the use of
Ligasure was 9% compared with 3% in the conven-
tional technique group, but the difference was not
statistically significant. The efficacy of Ligasure in
sealing bile duct needs to be investigated with further
randomized trials. Similar to the Harmonic Scalpel,
laparoscopic Ligasure is a useful instrument for liver
transection in the setting of laparoscopic resection of
peripheral liver lesions [36].
TissueLink dissecting sealer
A new technology using saline-linked RF energy
(TissueLink Medical, Inc., Dover, NH, USA) has
been developed for liver transection. In this instru-
ment, saline runs to the tip of the electrode to couple
RF energy to the liver surface and achieve coagula-
tion. In a recent study, combined use of a Floating
Ball coagulator that uses this principle together with
Ligasure has been shown to reduce blood loss
compared with the conventional technique of control
of intrahepatic vessels during clamp crushing transec-
tion of the liver [32]. The author has recently reported
a preliminary experience on the use a TissueLink
dissecting sealer (TissueLink DS3.5C dissecting sea-
ler, TissueLink Medical, Inc.) for liver transection
without the aid of any other devices such as CUSA
[37]. This device has a pointed tip that allows
transection and sealing of vessels simultaneously
(Figure 4). In the reported preliminary experience of
10 cases, including 2 cases of right hepatectomy, the
median blood loss was 100 ml (range 30700 ml) and
no postoperative bile leakage was observed. This
Figure 3. Use of Ligasure for liver transection (A). The sealed
vessel can be divided without clipping or ligation (B).
Figure 4. Use of TissueLink dissecting sealer for liver transection.
The liver is coagulated and transected simultaneously by the
pointed dissecting tip.
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instrument may also be used in laparoscopic liver
resection.
Radiofrequency-assisted liver transection
RF ablation (RFA) is a relatively new modality of
treatment for liver tumors [38]. A new technique of
liver transection using RF thermocoagulation has
been described recently [39]. In this technique, a
Cool-tip† RF electrode (Radionics Inc., Burlington,
MA, USA) is inserted along the transection plane
serially 12 cm apart, and RF energy is applied for
12 min to create overlapping cylinders of coagulated
tissue, followed by transection of the coagulated liver
using a simple scalpel. In a preliminary study of 15
cases of mainly segmental or wedge resection reported
by Weber et al. [39], the mean blood loss was only
30910 ml, and no complications such as bile leakage
were observed. Another group also reported low
blood loss using this technique in liver resection [40].
The technique has the advantage of simplicity
compared with the aforementioned transection tech-
niques. One potential disadvantage of this technique
is the sacrifice of parenchymal tissue in the liver
remnant, with a 1 cm wide necrotic tissue at the
transection margin, which may be critical in cirrhotic
patients who require major liver resection. However,
the additional 1 cm tissue necrosis along the transec-
tion margin increases the actual resection margin,
which may be an advantage in some cases of liver
resection for cancers. There is a concern about the
possible thermal injury to the hilar structures and
hepatic veins when using this technique for major
liver resection, although right hepatectomy using
this technique has been reported [41]. Thus far, this
technique has not been compared with conventional
techniques of liver transection in any randomized
study. The author has used this technique in laparo-
scopic wedge liver resection and found it a convenient
and safe method with minimal blood loss in this
setting. Recently, an in-line RFA device consisting of
multiple parallel RFA electrodes that can be deployed
to varying depths in the hepatic parenchyma has been
specifically developed for liver transection. This
device has been shown to reduce bleeding compared
with CUSA in a pilot study [42]. The role of this
device in hepatic resection remains to be evaluated in
future studies.
Comparison of different liver transection
techniques
The choice of transection techniques is currently a
matter of preference of surgeons, as there are few data
from prospective randomized trials that compared
different techniques. It has been shown in small
prospective randomized trials that clamp crushing or
water jet may be preferable to CUSA in terms of
quality of transection or speed of transection [21,22].
However, the results of these trials remain to be
validated by larger-scale trials. CUSA dissection is still
a widely used technique worldwide. Recently, a
randomized trial compared four methods of liver
transection, namely clamp crushing, CUSA, Hydro-
jet, and dissecting sealer, with 25 patients in each
group [43]. In that study, clamp crushing was
associated with the fastest transection speed, lowest
blood loss, and lowest blood transfusion requirement.
Furthermore, clamp crushing was the most cost-
effective technique. However, in that study, clamp
crushing was performed with the Pringle maneuver,
whereas the other techniques were performed without
the Pringle maneuver. This might have resulted in
bias in favor of clamp crushing. Further prospective
randomized studies are needed to determine which
transection technique is the best. In the comparison of
different techniques, apart from the efficacy in trans-
ection with low blood loss, the relative speed of
transection and the potential complications are other
parameters to be considered. Furthermore, the use of
special instruments for transection is costly, especially
when two instruments are used in combination for
transection and hemostasis. It is difficult to compare
the relative cost of different transection instruments
because some are reusable whereas others are de-
signed for single use, and the cost of the same
instrument varies substantially in different countries.
Nonetheless, the cost of these various techniques
should play a part in the surgeon’s decision as to
whether to use them or not.
Use of vascular staples in liver transection
Staplers can be used in liver surgery for control of
inflow and outflow vessels, or to divide liver parench-
yma [44,45]. It is particularly useful in dividing the
major trunk of hepatic veins or the middle hepatic
vein deep in the transection plane (Figure 5). Using
the conventional technique of applying vascular clamp
followed by suturing, slipping of the clamp or
Figure 5. Use of a vascular stapler for transection of middle hepatic
vein in the transection plane during extended right hepatectomy.
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inadequate suture can result in massive blood loss that
is difficult to control. Vascular staplers also can be
used to divide the hepatic duct pedicle in right or left
hepatectomy. The author prefers to divide the hepatic
duct pedicle during hepatic transection instead of
dividing the duct extrahepatically to avoid leaving an
ischemic stump of hepatic duct, which may increase
the risk of biliary fistula. The use of a vascular stapler
to divide the hepatic duct saves time from suturing.
However, caution has to be taken not to narrow the
hepatic duct confluence, especially during a right or
left extended hepatectomy for a large tumor encroach-
ing on the liver hilum, which leaves little room for
application of the stapler [46]. The use of a stapler for
transection of the liver parenchyma may be applicable
in minor wedge resection or left lateral segmentect-
omy when the liver tissue is not too bulky. One
problem associated with the use of a stapler for liver
transection is increased risk of bile leak, since the
stapler is not very effective in sealing small bile ducts.
Inflow and outflow vascular control
Inflow occlusion by clamping of the portal triad
(Pringle maneuver) is frequently used to reduce
bleeding during hepatic transection. A previous pro-
spective randomized trial conducted in the author’s
center demonstrated that the use of intermittent
Pringle maneuver for 20 min with a 5 min clamp-
free interval during liver transection reduced blood
loss [47]. However, there is a limit to the duration
that the Pringle maneuver can be applied. Prolonged
application of the Pringle maneuver for a total
of 120 min may have deleterious effects on liver
function [48]. Belghiti et al. [49] demonstrated in a
prospective randomized trial that liver parenchyma
tolerance was better with intermittent Pringle man-
euver than with continuous Pringle maneuver, espe-
cially in patients with chronic liver disease. In a recent
randomized trial, however, it was shown that no
significant difference was observed in blood loss of
liver resection with or without inflow occlusion [50].
In the author’s center, the Pringle maneuver was used
less frequently in liver transection for the past few
years with increased experience of the surgical team,
while low blood loss with a transfusion rate of B5%
could still be achieved [8].
Other authors have used total hepatic vascular
exclusion instead of the Pringle maneuver to reduce
blood loss in major liver resection. Conflicting data
were reported in two randomized trials published
thus far. One randomized trial demonstrated that
hepatic vascular exclusion was associated with un-
predictable hemodynamic intolerance and increased
postoperative complications compared with the Prin-
gle maneuver [51]. However, another randomized
trial showed that selective hepatic vascular exclusion
was well tolerated by patients and was associated with
less intraoperative blood loss, better postoperative
liver function, and shorter hospital stay compared
with the Pringle maneuver [52]. In the author’s
center, total vascular exclusion was never used [8].
Other authors also have reported that hepatic resec-
tion, even for tumors close to the hepato-caval
junction, could be performed without total vascular
exclusion [53].
Low central venous pressure
A major source of bleeding during liver transection is
hepatic vein branches in the deeper part of the
transection plane. Bleeding from openings made in
major trunks of hepatic veins cannot be controlled
even with new high technology devices such as the
argon beam coagulator and TissueLink dissecting
sealer. Such bleeding can be aggravated in the
presence of a high central venous pressure. Further-
more, a high central venous pressure makes repair of
injury to the hepatic vein or inferior vena cava
difficult.
One of the most important advances in liver
resection in recent years is the practice of low central
venous pressure anesthesia, achieved by a combina-
tion of posture change, fluid restriction, diuretics,
vasodilators, and anesthetic agents such as Isoflurane
that produce vasodilatation. The central venous
pressure should be lowered to B5 mmHg, provided
that the hemodynamic status is stable. The patient is
placed in a 158 Trendelenburg position to counteract
the iatrogenic hypovolemia and help protect the
kidney. One concern as regards low central venous
pressure is the increased possibility of air embolism.
However, clinically significant air embolism is seldom
observed, and the benefit of reduced bleeding with
low central venous pressure outweighs the risk of air
embolism. Several studies have demonstrated that low
central venous pressure anesthesia is well tolerated
by most patients and is effective in reducing blood
loss, with results superior to that of total vascular
exclusion [54,55]. A recent randomized controlled
trial involving 50 patients with either low central
venous pressure 24 mmHg or normal central venous
pressure showed that the use of low central venous
pressure during liver transection led to significantly
reduced blood loss and length of hospital stay [56].
Conclusions
Improvement in the techniques of liver transection is
one of the most important factors for improved safety
of hepatectomy in recent years. The use of intrao-
perative ultrasound aids delineation of the proper
transection plane. Clamp crushing and ultrasonic
dissection are currently the two most popular techni-
ques of liver transection. The role of new instruments
such as ultrasonic shear and RFA devices in liver
transection remains unclear, with few data available in
the literature. The role of the Pringle maneuver seems
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to be decreasing with improved transection technique.
However, it remains a useful technique in reducing
bleeding from inflow vessels, especially for surgeons
with less experience in liver resection. Maintenance of
low central venous pressure remains an important
adjunctive measure to reduce blood loss in liver
transection.
As clear data for comparison of various liver
transection techniques are lacking, currently the
choice of technique is often based on the individual
surgeon’s preference. However, certain general re-
commendations can be made based on existing data
and the author’s experience. Clamp crushing is a low-
cost technique but it requires substantial experience
to be used effectively for liver transection, especially in
the cirrhotic liver. CUSA can be used in both cirrhotic
and non-cirrhotic liver, and it is currently the standard
liver transection technique in the author’s center. It is
associated with low blood loss and it has a well-
established safety record, with low risk of bile leak. It
is particularly useful in major hepatic resections when
dissection of the major branches of the hepatic veins is
required, or in cases where the tumor is in close
proximity to a major hepatic vein, as it allows clear
dissection of the hepatic vein from the tumor. The
main disadvantage of the CUSA technique is slow
transection. Newer instruments such as the Harmonic
Scalpel, Ligasure and TissueLink Dissector enhance
the capability of hemostasis and allow faster transec-
tion. However, they lack the preciseness of CUSA in
dissection of major hepatic veins, and they may be
associated with increased risk of bile leak. When used
alone, they are more suited for wedge or segmental
resection in which dissection of the major hepatic
veins is not required, and they are particularly useful
in laparoscopic liver resection. They can also be used
in combination with CUSA for sealing of vessels, but
this increases the cost substantially. RFA-assisted
transection is probably the most speedy liver transec-
tion technique. However, the risk of thermal injury to
major bile duct is a serious concern and its use is
probably restricted to minor resection. It is imperative
that further randomized trials be performed to com-
pare different liver transection techniques, not only to
compare their efficacy in reducing blood loss and
safety, but also to evaluate their relative cost-effec-
tiveness, which is a major issue in the current era of
expanding cost of medical care as a result of rapid
advances in medical technologies.
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